Supporting Information
By using a modified two-step co-reduction synthesis procedure described in Methods, the formation of Au-Ag alloy irregular nanoparticles (NPs) can be readily realized and repeated. To be noticed, even in one popcorn NPs solution sample, each of the popcorn NPs possesses different geometry and fine structures, as shown in Fig.  S1 . These individual plasmonic NPs of different shapes and structures also perform different LSP absorption feature, which would contribute to the overall broadband light absorption of the popcorn NPs.
To confirm the element distributions of the popcorn NPs, energy dispersive spectroscopy (EDS) map was performed, as shown in Fig. S2 . From the EDS map, we can observe that Au and Ag are homogenously mixed with slightly different proportions at different parts, which results in the excitation of various LSP modes over a wide range of wavelengths. On the other hand, oxygen is uniformly distributed over the NP with a much lower proportion than Ag, which is suggested to be from the thin Ag 2 O shell. Thus, the EDS map help to demonstrate that the popcorn NPs are formed as Au-Ag alloy NPs, and the thin shell (shown in Fig. 3a ) is suggested to be Ag 2 O. Figure S3 shows the scanning electron microscopy (SEM) image of popcorn NPs distributed in dye-sensitized TiO 2 film, which provides insights into the film composition. A similar fabrication method was employed. Briefly, plasmonic TiO 2 paste incorporated with popcorn NPs was spin-coated onto a silicon wafer, them annealed at 500°C for 15 min and sensitized by N719 dye. The popcorn NPs are well distributed in the TiO 2 layer with no aggregation, which ensures the LSP absorption feature of popcorn NPs in TiO 2 layer to be in a broad wavelength range. Figure S3 . SEM image of popcorn NPs distributed in dye-sensitized TiO 2 film.
The localized surface plasmon (LSP) is highly depended on the sizes of the fine structures on surfaces of the popcorn NPs. Thermal stability of the popcorn NPs would be critical for their proposed function because the working electrodes of DSCs were usually sintered at 500C. To investigate the thermal stability of popcorn NPs, SEM characterization of popcorn NPs after heating was performed. Briefly, the popcorn NPs in ethanol was deposited onto a copper mesh grid and then annealed at 500C for 15 min. The sample was cooled down to room temperature and characterized by using SEM, as shown in Fig. S4 . We can observe that the fine structures on popcorn NPs still exist after annealing, and the morphology of the NPs remain almost unchanged. To be noticed, the popcorn NPs assembled after annealed, which is because the popcorn NPs became close to each other when the ethanol evaporated, while the aggregation would not happen when the popcorn NPs distributed in the TiO 2 layers (See Fig S3 and Fig 4c) . Figure S4 . SEM image of popcorn NPs after heating at 500 C for 15 min. The popcorn NPs is outlined by yellow broken lines.
